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Abstract 

Students in three mathemarics classes were assessed on two aptitudes, field 
independence and geitsral reasoning, and randomly assif^ed to either an 
expository or a discovery treatment. The expository treatment used a deductive 
sequence of insrruction and provided maximal gjuidance for the students, The - 
discover*' group used an inductive sequence with minimal guidance, and provided 
calculatrir^ to help scudents discover concepts and rules independently. The 
topic of orstruction ^nvolved errors in measurement and calculations with 
approxim»£3E data. There was a sigttificant interaction with geneial reasoning 
on the rer .-ntion test, as predicted. There were no interactions with field 
independence. 
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Aptitude-treatment Interaction in 
Mathematics Instruction Using Calculators 

Aptitude-treatment interaction (ATI} research, generally viewed as an 
outgrowth of the work of Cronbach (1957), has turned out to be more difficult 
than ori-ginally expected. Simple hypotheses about matching srudent abilities 
with appropriate treatments have proven difficult to substantiate. Never- 
theless, Cronbach and Snow (1977], in their comprehensive review of the field, 
confirm that ATI do exist and are important to educational practice. 

Cronbach and Snow (see also Snow, 1977) state that the most stable 
interactions occur with general ability. However, there are a number of inter- 
actions in the literature, especially with inductive and deductive instruction 
(Cronbach Ti Snow, 19J7, p, 320, 371), that c'o not seem to be related to 
general ability. General reasoning is one of the aptitude variables that is 
frequently involved in these more specific interactions. 

In mathematix:s education research, several studies have reported ATI 

between general reasoning and treatments that differed in the use of an 

inductive or a deductive sequence of instruction (Eastman § Carry, I97S; 

McLeod § Briggs, in press). There are also studies that have failed to find 

the expected interactions (Behr 5 Eastman , 1975 ; Eastman § Behx, 1977), but 

this may have been because the level of difficulty of the treatments was 

! - \ ■ 

not appropriate for the students. 

The theoretical framework for these interactions with general reasoning 

is not well established. Cronbach and Snow (1977) note that measures of 

'I^^Tdfal reasoning are closely related to general ability in mathematics. 
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ir. .^rl 3t^\4*..fiS, however, general reasoning s^f&ms juncx : dxi ite differently 
fnsnr geitersi roility. For example, tests of i^eneral -=SHsonin: eem ro do a . 
better Trediirting success in a more esaHSitory masssctix- treatment 

tha 1 m indaictive treatment, the reverse jt -4iat om . maiU finds for 
mea ;o?s: of ssneral ability. To explain the5* rrteract iOns , C rocoach and 
Snc e 5ii:;gested that a test of general reasnring it oe rr- measure of 
crural 1 1;^. ti ability, or achievement in rraditjimal school :£crs; therefore, 
it ^altsi bt expected to produce steeper regress-^^on sictvf . 5 z/^tp re traditional 
dcoiidy^^i^ instruction (Snow^ Note 1), Carroll (^376) \t^^ -ina^^t-jc^ei the aptitude 
of petlN^t-tfi -easonint^ from a different perspecl=7e , u, am: the ^::B:cepts of 
itifipif^^j^c'^ processing theory. From this poiTCi of vie**, srenenl reasoning 
a&- the ability to perform serial operati-c^-Ts , w*-: ch seems to correspond " 

to direct sequence (rules followed irv ascamtJlj*^) of Reductive 

^ r««asDn thxt Cronbach and Snow (197T i rtributc most ATI to general 
/ is that it is difficult to separate t effects of a specific 
ar ie from general ability. The dif ficuili*-" witn traditional aptitude • 
c: acts led Glaser (1972) to call for reaeaor^ with "new aptitudes'*, in- 
clik.. Tg dimension^ that are related to personali: v variables such as 
crgn:tive styles. One cognitive style variable, - nleid independence, has 
2s»3av^ed considerable attention in educational re:S-<e:axch (Wirkin, Moore, 
^;ooch^^n^^ugh , 5 Cox, 1977). In a recent revisior of cognitive style theory, 
Witkit and Hoodenough (Note 2) suggest that cowinitive restructuring ability 
and personal aut^omy are the two characteristics on which field-dependent 
and. fi^ld-independent students differ. Treatneirts that provide minimal 
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Structure and guidance should be appropriate for field-i^ iependent sniiiiiients , 
since they can provide their structure and wc^k aut .vmously. Vi^^d- 
dependent students, however, ^ould excel in a. hi '^ly s iructui'Ned trear,»aent 
which provides careful guidanc?ip. Soime studies ir •Jitheanari cs edu<;atian 
have found ATI that support tftis theoretical posi^^"^ i^M^eod, CarpeirrsT 
McComack, § Skvarcius , 19'78; 'IcLeod Adams, ir: \ but other st:adi . 

have not produced significant interactions. 

In suianary, ATI research in mathematics edr -ric^* ha^ found two apz'::rade^ 
variables, general reasoning and field independence, have produceo 

significant interactions with two dimensions of . 5C0\ ::ry learning, le 
of guidance and inductive instruction. The pum6s« cf this study was ' 
search for ATI between these two aptitude variaisr es anc treatments th^ 
differed in both level of guidance and in use cr^ an inductive or deducrxve 
sequence of instruction. Tie rreatinent that prtrvided a minimal level of 
guidance and lised.an inductive sequence was labeled the discovery treatment; 
the expository treatment provided maximal guidance with a deductive sequence 
of instruction. Based on the theoretical background for these two aptitude 
variables, it was predicted that field-independent students would do best 
in the discovery treatment, while students who scored well on tests of general 
reasoning would be^bette^ off in the expository group. Rephrasing this 
hypothesis in terns of regression slopes, it was predicted that the re- 
gression of achievement on field independence would be steeper in the dis- 
covery group than in the expository grpun, but .the regression on general 
reasoning would be steeper in the expository group. 



o 
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Method 

Subjects 

• Students 'rom three sections of a mathematics course for prospective 
elementary schroi teachers participated in the study. All three classes met 
in the aftexncn^s for 7S minutes on two days elch week. About 87% of the 60 
students in tiaE classes were women. Complete data were obtained for 47 
subjects, 24 in the expository group and 23 in the discovery group. Other 
students were absent for one or more days of instruction and testing. The 
rate of scudent absenteeism did not appear to be related to differences in 
the treatment groups. 
Treatments 

Two instructional units were prepared on the topic of errors in measure- 
ment and thezr effect on calculations wi'fh aoproximate data. Thiy topic wa.s 
suggested by the Report of the Conference on Needed Research and Development 
on Hand-held Calculators in School Mathematics (1976). The treatments in- 
cluded such concepts as precision of measurements, significant digits, and 
their relationship to adding, subtracting, multiplying, and dividing 
approximate' data. Both treatments covered expctly the same concents, and 
students were given about. the same amount of practice in solving problem5. 
However, the concepts were presented in different ways in the two treatments. 

In the expository treatment, instruction proceeded in a deductive se- 
quence, with definitions and rules followed by examples. Students were given 
maximal guidance; sample problems were worked out completely before students 
were asked to dc similar problems. The problems were chosen so that tliey 
could be worked easily without a calculator. In the discovery treatment, 

■ 7 
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however, concepts were presented in an inductive sequence- orudents first 
worked out several examples, using a hand-held calculator -^hen it was needed. 
Students were then encouraged to generalize and produce rules that would 
follow the exaiiTples. Although the students were given an opportunity to 
discover the rules, the materials did provide the rules to students who did 
not discover them independently. In both treatment j^roups, the teacher was 
available to help answer student questions. 
Tests 

Field independence was measured using the Group Embedded Figures Test 
.HEFT) and a version of the Hidden Figures. Test (HFT) , The GEFT (Witkin, 
01 tman, 'Raskin , 6 Karp, 1971) is the most appropriate^ <yTo\xr -n^asure of field 
independence. The version of the HF'i that was used (Hidcten Figures 2--Form 
271) was adapted by the National Longitudinal Study of Mathematical Abilities 
CNLSMA) from the original of the Educational Testing Service (French, 
Ekstrom, 5 Price, 1963). For a complete discussion of this test, see the 
appropriate NLSIiiA reports (Romberg f> Wilson, 1969; Wilson, Cahen,. Qegle, 
1968), 

The time allowed for the GEFT ^Jid HFT was adjusted for this study. 
Since the GEFT is relatively easy for college students, subjects were given 
four minutes for each part, rather than five. The version of the HFT that 
was usud was rather difficult, so students were given 15 rather than 10 

minutes for that test. , 

I 

The HFT was used along with the GEFT in order to provijde a second 
measure of field independence, a procedure in line with the' nultitrait- 

I 

multimethod approach to measuring aptitude that is recommended by Cronbach 

8 ' 
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and Snow (1977). . \ 

The most common measure of general reasoning in ATI studies is the 
Necessary Arithmetic Operations (NAO) test (French, Ekstrom, f, Price, 1963). 
In order to distinguish between scores on the NAO test and general ability, 
students were asked to allow the university to release their SAT scores. 
Most students agreed to thic request, but only 28 of those subjects actually 
had SAT scores on file; 

A 20-item posttes.t that covered all of the concepts in the ur.it was use 
to measure inmediate achievement, A subset of 10 items was ns^d to measure 
retention. The retention test covered only the parts of the unit that had 
been completed by most participants. Fifteen minutes, was allowed for the 
posttest, and seven minutes for the retention test. 

The KR-20^eliability coefficients were judged to be satisfactory on 
all trsts. They ranged from .61 on the posttest to .82 on the NAO. 
Procedures 

The HFT and NAO tests were administered during the first week of class 
as a part of the regular course procedures. During the middle of the term, 
90 minutes of class time was devoted to the study. 

Students were randomly assigned to treatment groups within each class. 
Students assigned to the discovery treatments were asked to go to a room 
equipped with calculators ♦ Students in the expository ,qroup stayed in the 
regular-classroom. They were told that they would get their chance to work 
with the calculators later, since there were not enough calculators for the 
entire class to use them at the same tijne. Since no calculators were needed 
for the expository treatment, the lack of a calculator caused no problems 



9 
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for that group. 

At the beginning of the treatments, students were given a brief intro- 
duction to the materials and were encouraged to work independently, direct- 
ing their questions to the teacher. At the end of the first day of the 

study, the materials, were collected and' graded, 'tost students were not able 

m 

to complete the treatments in the 75 minutes . allowed. The posttest was 
administered two days^ later at the next class meeting. Four weeks later 
students were assessed again to measure re'^ention. On the sane day, students 
took the QEFT. 

Results 

Descriptive statistics are presented in Tables 1, 2, and 3. Table 1 
includes the means and standard deviations for all tests; scores ranged 
widely airong students, but there were no large differences between groups. 
Table 2 presents the correlation matrix for the aptitude and achievement 
tests. Correlations between the NAO test and the two measures of field 
independence were somewhat higher than one 'usually expects. Also, there was 
a strong correlation between the posttest and retention test, table 3 presents 
the regression equations for each group, using HFT and NAO as predictors. 
Substitution of the other measure of field independence • (GEFT) for the HFT 
scores produced similar results. 



Insert Tables 1^3 about here 
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Tests for Interaction 

The data were analy2ed using multiple re.5ression techniques. The two 
•dependent variables were treated separately,. For the main analyses, the 
full model includer^ vectors for field independence (MFT, GEFT, or the::r sum), 
NAO, treatment, and the interaction of treatment with each of the aptx.*itde 
vectors. As these vectors entered the equation (in the specified ordijrj , 
the change in due to each interaction vector was calculated. On the 
retention test, the interaction of NAO and treatment was significant (see 
Table and in the predicted direction. 



Insert Table - - v - ;'ev>f* 



Figure 1 presents the interaction of NAO and treatment for the retention 
test. In the figure, the regression equations are calculated for each group 
using the .\A0 scores as the only predictor. The slope for the expository ^ 
group was .42; in the discovery group it^pwas .09. This difference, in slopes 
is significant, F(l, 45) = 6.96, p =: .011. 



Insert Figure 1 about here 



The data were analyzed further, in several different ways. Scatterplots 
of each aptitude variable with the two achievcncnt measures were constructed; 
in each case the use of linear models seemed anpronriate . 
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Other measures of field independence (GEFT, the sum of HFT and QUFT) 
were included in the main analysis along with N'AO. The results were 
essentially the sane as those reported in Tp.bles 3 and 4. There was still 
an interaction with NAO on the retention test, hut not on the posttest. There 
were no interactions at all with field independence. 

Since there was no. interaction on the posttest, it was appropriate to 
test for a difference between treatment group means, when using HFT and MAO 
as covariates. .Vo difference was found, £(1^ 43) = .67, p = .418. 

The imp^rtaiice of class effects has been emphasized by Cronbach Qlote 3), 
so the data were reanalyzed taking into account the srudent's class and 
possible interactions of class with treatment, NAO, and the treatment -by-N*AO 
interaction. On the retention test, the ^interaction with NAO occurred con- 
sistently across classes. On the posttest, only one class produced this type 
of interaction effect; in the other two classes the NAO slopes were about 
the same in both treatment groups.' 
Source of the Interaction 

The data were analyzed further to determine whether the interaction 
with NAO could be attributed to general reasoning alone, or whether it should 
be thought of as an interaction with general ability or crystallized ability., 
The analysis began by considering l:he 28 subjects on which SAT data were 
available. The sum of the verbal and quantitative pr.rts of the SAT were 
used as a measure of general ability. There was no evidence of any inter- 

» 

action with SAT, either by itself or in conjunction with the other aptitude 
variables. V/hen SAT and NAO were put in the same regression equation with 
the retention test as the dependent variable, the NAO-by-treatment vector 
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accounted for about 3% of the variance, sub\>tantially more than the 1% due 
to the SAT-by-treatment vector • Of course, neither of these interactions 
was significant , since thei*e were only 28 subjects in this analysis, Howevf^r, 
these data provide some support, for attributing the interaction with NAO 
to the aptitude of general reasoning rather than to general abilityv: ' 

Further information on the nature of the NAO interaction was-^abtained 
by considering the difference of the standardizred^ scores for HFT and NAO, 
Cronbach and Snow (1977, p, 84) state that two predictors behave differently 
if their standard-score difference interacts with the treatnent dimension, 
Xhe interaction between treatments and difference scores was not si^r.ificant , 
•K(l, 45) = 1.97, = ,168. The sum of the standardised scores for NAO and HFT, 
•however, did interact with treatment, F^(l , 43) = 4,^04, p 4 ,034,- Since the 
combination of NAO and HFT should act more like general ability than general 
reasoning, the analysis of sum and difference scores provides some support 
for attributing the in':eraction to general ability rather than t6 the mare 
specific -aptitude of general reasoning. 
Regions of Significance 

Regions of sjLgnificance for the interaction represented in Figure; 1 were 
calculated in twp: way^. Following Cronbach and Snow C1J^77) , confidence inter- 
vals were computed about each of the regression lines, using a confiden'&e /ji^ 

.... V,' 

level of 68%. The confidence intervals overlapped fpr MAO scores of 13 to 
17*i therefore, the regions of significance for this interaction were for 
NAO scores of less than 13 and more than 17. These two regions included 55V> 
of the students. Students iwith NAO scores of 17 or more did better in the ' \ 
expository; group, as predicted, while students who scored les^ than 13 
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achieved more in the discovery group. 

The Johnson-Neyman technique (rorich, Godbout, § Wunderlich, 1976) is 
another method of calculating regions of significance. For a level of 
significance of .10, this technique found the regions of significance for 
the interaction in Figure 1 to be almost the same* as in the analysis using 
confidence intervals. For the Johnson-Neyman analysis, the upper region of 
isignificant differences 'included scores of more, than 18. The lower region 
was found to be the same as in the analysis using confidence intervals. The 
regions of significance in the Johnson-Neyman analysis included 49% of the 
students . ' 

Discussion 

This study tested the hypothesis that ATI would occur between two 
aptitudes, field independence and general reasoning, and treatments that., 
differed in dimensions of discovery learning in mathematics. Field inde- 
pendence was expected to interact with the treatments since they differed 
in the level of guidance provided to the students. General reasoning was 
expected to. interact with the treatments since they differed in the use -of 
deductive or inductive sequences of instruction. The ATI with general reason 
ing occurred as predicted on one of the two dependent variables. Therefore, 
;this study helps to confirm the existence of an ATI that has appeared in 
several other studies (Cronbach 5 Snow, 1977; Eastman Carry, 197S; McLeod 
§ Briggs,"in press). 

J ■ . ■ , . * ' ■ 

_ Although a number of studies; have ^ found ATI with general reasoning, 
as measured by the NAO test, it is still not clear whether this interaction 
can be attributed to this specific aptitude, or whether it is the result 
of general or crystallized ability (Cattell , 1971) . Data from the present 
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study were not conclusive on this point, Fur'^her investigation using an 
information processing approach may help to explain the effects of this 
aptitude variable. It seems likely that sequence differences in treatments 
may be related "to fixed, as opposed to flexible, sequences of information 
processing. In this stud/, it appeared that students vith high N AO scores 
were less flexible in terms of adapting to instruction using an inductive 
sequence where students wore supposed to make generalizatioi^s with the 
assistance of hand-held calculators. In this interpretation, the ATI of 
this study fits nicely into Snow's recent work (Snow, Note 1) on the 
relationship of crystallized ability to ATI, Since the interaction occurred 
only on the retention test, it may bef that these differences in information 
processing are only important when they involve retrieval from long-term 
memory. 

The expected ATI with field independence did not occur. The major reason 
for this appeared to be that the treatments provided more guidance than was 
originally intended. This extra guidance was provided partly because the 
students requested, even demanded, considerable help from the instructor 
in the classroom, Also,^ treatments frequently need to be ''tuned'' in order 
to produce ATI, and appropriate revisioais of the treatments used in this 
study coQld result in instruction that provides sufficient, but minimal, 
support. Such a revision might produce the expected interaction with field 
independence. 

In summary, this study identified the expected ATI with general reason- 
ing (as measured by the NAO test) but not with field independence. Further 
research on the topic seems appropriate. It used to be sufficient in ATI ' 
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research just to find an interaction; no one worried a great deal about 
whether the ATI ^ould be attributed to a specific aptitude as opposed to 
general abilitv-. * But now more detailed infonnat ion is necessary as 
researchers try: to build a theory of aptitudes and interactions. These 
higher expectations seem to be a sign that ATI research is making substantial 
progress. ^ . 

/ 

r 
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1 

/ Table 1 

Means and Standard Deviations of 
All Tests for Each Treatment Hrouj) 
rfaximum 





possible 




Discovery 


Expository 


Test 


score 


Range 


Moan 


SD_ 


Mean 


SD 


HFT 


16 


0-16 


S.'fe," 


3.6 


4.9 


3.5 


GEFT 


18 


0-18 


9.8 


4.5 


8.8 


5.7 


NAO 


30 


3-24 


13.8 


5.9 


13.8 


4.5 


Posttest 


20 - 


0-15 


.5.9 


2.6 


6.3 


3.1 


Retention 


-10 


0-9. 


4.6, 


1 .5 ■ 


4.4 • 


2.7 



ERIC 
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Table 2 



Test 

1. HFT 

2. GEFT 

3. -MAO 

4. Posttest 

5. Retention 



Corre 1 at i on Mat ri x 


for All 


Tests 






Correlation 




1 2 


3 


4 


S 


1.00 .54 


.53 


. 39 ■ 


.43 


1.00 


.43 


.50 


,41 




•^1.00," 


.61 






t 


1.00 


.72 






1.00 
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Table. 3 

Regression Equation Data for Each Dependent Variable 



Dependent Regression coefficients 



variable 


Group Intercept 


HFT 


MAO 


Posttest 


Discovery .66. 


.07 


^35 




Expository *" .08 


.12 


.41 


Retention 


Discovery 3.40 


.12 


.04 




Expository -1,34 


• .08 


.38 



ERIC 



\ 
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Table 4 
Tests for Interaction 



Dependent 


R for . 






Change 






variable 


full model 




Source 


in R" 


F 


0^ 


Posttest 


.391 


HFT 


X Treatment 


.003 


- .20 


.657 






. NAO 


X Treatment 


.001 


.10 


. .753 


Retention 


Al? 


HFT 


X Trea:tment 


.020 


1 . 25" 


.270 






NAO 


X Treatment 


.076 


5.33 ' 


.026 


* 
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a 



Discovery: y s 3,4 + .09X 



Expository: y = ^l.S + ,4^:X 



c 




10 



15 



20 



25 



30 



Necessary Arithmetic Operations Test 



Figure 1. Interaction of NAO test with discovery and exoositorv 



treatments on the retention test 
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